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Summary Athymic (Swiss nude) and euthymic PBA) tumour-bearing mice were injected 
intravenously with various vaccinia virus (Copenhagen strain) recombinants. Several 
days after inoculation, tumour cells, were found to be well infected with infective 
vaccinia particles, while organs such as liver, spleen, brain and bone marrow showed 
barely detectable levels or no signs at all of virus infection. Injection of tumour bearing 
mice with recombinant W harbouring the cDNA for either huIL-2 or; mulL-6 
resulted in detectable lymphokine in the sera of injected animals. Injection of tumour- 
bearing nude mice With W-IL-6. but not widi W-IL-2, resulted in significant 
reduction in growth rate of the tumour, and in some cases, complete rejection of the 
tumour. Tumour-bearing euthymic mice responded differendy . Intravenous injection 
of W-IL-2, but not W-IL-6 resulted in reduced growth rate of 50% of tumoun and 
complete rejection of 17% of tumoun. 

Keywords cytokines, gene therapy, tumour, vaccinia virus 



Introduction 

Cytokines have proven to be useful biological response 
modifiers in the treatment of some fomis of cancer (1). 
With the availability of purified recombinant cytokines 
clinical protocok involving the injection of lymphokines 
into patients has become feasible, although expensive. 
Cytokines often act locally, at the sites of inflammation or 
interactions between lymphocytes, with high regional con- 
centrations but which diffuse rapidly such that the lympho- 
kine is undetectable systemically. However, in therapy large 
doses must be administered systemically to produce the de- 
sired effect This often results in serious unwanted side- 
effects (1-3). 

Recent experimental evidence has demonstrated that tu- 
mour cells transfccted with cDNA coding for cytokines wiU 
produce those cytokines when the cells are injected into ex- 
perimental animals. In some cases, such as with tumours 
producing IL-l, IL-2, lL-4, 11-6, lL-7, IFN, TNF, G-CSF 
or GM-CSF, tumours are subsequendy rejected (4-16), of- 
ten with the development of tumour specific immunity 
such that if die same tumour cells, not secreting cytokines, 
arc reimplanted the tumour is rejected. Clinical applicabil- 
ity of these observarions is however, restricted to surgically 
accessible mmours and to tumours from which cell lines can 
be established. Furthermore the re-injection of tumour 
cells, even if transfccted widi lymphokines. may not always 
be desirable. Clearly, a method for the targeted delivery of 
lymphokine expression vectors to tumours is a goal worth 
pursuing. 



Viral vectors have strong potential as vehicles for the tar- 
geted delivery of cytokine expression to tumour ceils in 
VIVO, Candidate viruses include retroviruses, adenovirus and 
poxviruses. Poxviruses, such as vaccinia virus, have several 
advantages: for example, the poxvirus genome can accom- 
modate the insertion of rebtively large fragments* of DN A 
(17) into a choice of sites, and they are relatively easy to ma- 
nipulate and purify. Moreover, infections are usually self- 
limiting. There has been some concern over the safety of 
recombinant vaccinia virus. However, there have been sev- 
eral advances in knowledge of its pathogenicity. We have 
used recombinants of the Copenhagen strain (18) of W 
which has been shown to be 5000 times less virulent dian 
the labpratOTy sn:ain WR when injected intracranially into 
3.week-old mice and it is better tolerated by nude mice 
(LD^ has been shown to be > 10' PFU as opposed to 422 
for WR) (19). Furthermore, mutations in the diymidine 
kinase gene of vaccinia drastically reduces virulence prob- 
ably by making virus much less infective for quiescent celk 
(20,21). The vaccinia recombinants described in this report 
have ail used the TK gene as the site of integration for die 
recombinant cDNA. thus rendering the vims TK-. 

In diis paper we report the results of experiments which 
show that die intravenous injection of control TK- or re- 
combinant vaccinia virus into nude or cudiymic tumour- 
bearing mice results in a high rate of infection of nimour 
cells while internal organs remain either uninfected or in- 
fected for a brief period and at a very low rate. We have 
taken advantage of this observation to determine whcdier 
vaccinia virus can be used to express cytokine cDNA in 
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tumour cells and to determine the effect 6n tumour devel- 
opment. 

Meth ds 

Mice 

Female Swiss nude and DBA/2 mice were purchased from 
Iffa Credo (Lyon, France) and housed for at least one week 
prior to their use in an experiment. Mice were 6-8 weeks of 
age at the initiation of each experiment. Mice injected widi 
vaccinia virus were housed in a P3 containment facility. 
Intravenous injection of W was with a 27-gauge needle 
and by tail vein after warming the mice with a 60 watt lamp. 

Yaconia recombinants 

The cDNA corresponding to human IL2 was cloned at 
Transgcne. The cDNA corresponding to murine IL-6 was 
from Immunex (Seattle, USA). The cDNAs were cloned 
into the thymidine kinase gene of the Copenhagen strain of 
vaccinia virus as described elsewhere (1 9). Expression of the 
IL2 and IL6 cDNAs are under the control of the 7.5 kDa 
promoter (19). Control viruses were eidier W-1 86 which 
is TK- but has no insert, or Wi which is TK- and has an 
irrelevant insert. 

Assay for W infecUoh of tumours and organs 
by the infectious centre assay 

Nude or DBA mice were injected with 10^ SW948 or 10;'' 
P815 cells respectively in 100 pi of PBS (Dulbccco's Phos- 
phate Buffered Saline, Sigma D5652) using a 27-gauge nee- 
dle, passing under the skin for at least 1 cm before implant- 
ing tumour cells. Seven days later tumours were palpable 
and mice were injected with 100 ]3l PBS containing W at 
the dosage indicated or 100 pi of PBS alone. After the indi- 
cated time, mice were sacrificed by COj asphyxiation and 
tumours and organs removed. Also, 200 pi of blood was 
collected and mixed with 200 pi PBS plus 20-mM EDTA 
and assessed for viral content where indicated. Organs and 
tumours were disrupted mechanically with scisson and for- 
ceps plus repeated pipetting in 0,05% trypsin until a sin^e 
cell suspension was obuined. Cells were washed twice with 
PBS, rcsiispended in tissue culture medium and stored 
overnight at 4**C. The following day celk were counted 
(both viable and nonviable) and dilutions made. Serial ten- 
fold dilutions, in duplicate, were made and added to estab- 
lished cultures of BHK cells in 3-cm-diameter Petri dishes 
(Falcon 3001) in 100 jil, 10 pi or 1 pi volumes. Dishes were 
then incubated overnight at 37*C, 5% CO, and plaques 
counted the foDowing day. 

Cytokine bioassays 

IL-2 bioactivity was assessed using the CTLL proHferation 



assay (22). Serum samples were diluted serially in 96- well 
flat-bottomed microculture plates (Falcon 3072) in RPMl 
1640 medium supplemented with 10% selected feul bovine 
serum, glutamine. pyruvate, nonessential amino acids and 
50-pM 2-mercapto-ethanoL CTLL cells were taken from 
continuous culture in the same medium containing 10 
ngml"' recombinant human lL-2. Cells were washed at 
least three times by centrifiigation and incubated for 3 h at 
37**C without IL-2. Cells were then washed twice, counted 
and 5000 cells per well added to the plates at a final volume 
of 100 \il Positive control consisted of 10 ng ml"^ rIL-2 abo 
diluted serially. Negative controls were normal mouse se- 
rum (either nude or DBA where applicable) and no srimu- 
iant at all. Celk were incubated for 48 h and 1 fiCi 3H- 
Thymidine (Amersham) per well added for the final 4 h of 
culture. Cells were then harvested onto glass-fibre paper 
tising a PHD Mash harvester and samples counted by liquid 
scintilbtion. Dau was plotted and the dilution required for, 
50% maximal proliferation was taken as having 1 unit of 
activity; U ml"' could then be easily calculated. Positive 
control rIL-2 routinely had a specific activity of between 3 
and 10 pg ml'* for 1 U of activity. 

lL-6 bioassay was essentially the same with the excep- 
tions that 7TD1 cells (kindly supplied by Dr Jacques van 
Snick, Ludwig Institute, Brussells) were added rather than 
CTLL and the culture medium for the assay was Dulbccco's 
modified Eagles medium supplemented with 5% FBS and 
other supplements described above. 7TD1 cells were main- 
tained in culture in the same medium as for CTLL with the 
exceprion that medium was supplemented with 10 ng ml'*, 
human recombinant IL-6. Specific acrivity of rIL-6 is rou- 
tinely between 1 and 3 pg ml"' corresponding to 1 unit of 
activity. 

Tumour cells 

The human colorectal tumour cell line; SW948 (ATCC 
CCL 237) and the murine DBA mastocytoma cell line P81 5 
(ATCC TIB 64) were purchased from ATCC. Cells were 
taken from continuous culture immediately prior to injec- 
tion into mice. SW948 cells were trypsinized and treated 
with 10 ng mT' DNAse (Sigma) in culture medium for five 
minutes to eliminate viscosity and loss of cells due to libera- 
tion ofDNA from dead cells during the trypsinization proc- 
ess. SW948 and P815 cells were washed in PBS and 
counted. Cells were resuspended in PBS at concentrarions 
suitable for injecting the indicated number of cells in a 100- 
^1 volume. 

Tumour measurtment 

Palpable tumours were measured with callipers (Mitituyo, 
Japan). Measurements of length, wridth and thickness of tu- 
mours were taken and tumour volume calculated by the 
formula 4/3Kr^rjry 
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Results 

Irhvivo infection of tumour cdh by W 

Deletion or mutation of the TK gene renden W much less 
infective for the CNS and probably other quiescent cells 
(20,21 ) while remaining infectious for rapidly dividing cells. 
Thus it was reasoned that a TK- Copenhagen virus should 
infect preferentially tumour tissues when injected into mice 
with tumouR. To test this hypothesis, various recombinant 
as well as a control TK- W {W-1 86) were injected intra- 
venously into tumour-bearing nude and DBA mice. Tu- 
mour-bearing nude mice were carrying palpable tumours 
resulting from the injection of the human colorectal tumour 
cells SW948 as described in Methods. Tumour-bearing 
DBA mice carried palpable tumoun resulting from the in- 
jection of DBA P81 5 mastocytoma tumour cells. Their tu- 
mours and various organs were then analysed for viral infec- 
tion at various intervals after virus injecrion. The results are 
shown in Table 1. In nude mice, tumours cells are 100% 
infected one week after adminislrarion of 10* PFU of all 
three W constructs tested. At this dose, no evidence of 
infection of peripheral blood mononuclear cells was found 
and very little virus was found in the spleen. However, at 
this dose of viriis, some nude mice become dehydrated and 
unhealthy in appearance. The LD^^ for the Copenhagen 
strain of W has been reported to be greater than 1 0' PFU in 
nude mice (1 9) so the sickly appearance of some of the tu- 
mour-bearing nude mice could be due to the dose ap- 
proaching the LDj^, or due to production of toxic lympho- 
kines such as Tumour Necrosis Factor (1). The experiment 
was repeated using ten fold less virus. At the dose of 10^ 
PFU. nude mice remained healthy and content in appear- 
ance. At this dose almost 100% of tumour cells are infected 
and no detectable infection of the spleen and liver was ob- 
served, but a minor infection of bone manrow cells was 
seen, depending on the construct tested. The cytokine 
cDNA-carrying constructs showed less infecrion of bone 
marrow cells than did control constructs VV-186 and VVi. 
Rapid clearance of VV-lL-2 fi-om nude mice has been 
demonstrated elsewhere (23-25) and some T-cell matura- 
tion in nude mice as a result of injecrion with VV-IL6, 
which may also aid in viral clearance, has also been shown 



(26). Previous studies have shown that IV injecrion of 
euthymic mice with VV results in evidence of virus peaking 
between days 3 and 4 after injecrion, after which virus is 
rapidly cleared (26). Tumour-bearing DBA mice were in- 
jected IV with 10" PFU of various W constructs. Tumoun, 
various organs and blood were subsequendy tested for evi- 
dence of viral infecrion (Table 2). At this dose of virus no ill 
health was observed in DBA mice and no infecrion of brain 
ceDs was observed at three days after injection of virus. 
Some barely detectable infecrion of spleen cells was ob- 
served, in agreement with previous observarions (26). At 
day 3 tumour cells were about 2% infected except for ceDs 
from mice injected with VV-1L2, which showed a lower 
but stiD significant rate of infecrion. Interestingly, the oppo- 
site was observed in the liver in that the most infecrion was 
observed in the yV-IL2-injccted mice. This suggests that 
the VV-IL2 construct is cleared more rapidly and, moreo- 
ver, that the liver is likely the site of viral clearance. After 4 
days, infecrion of tumour cells while still much greater than 

Table 2 VV titre in organs and tumoun ofniniour-bcaring DBA 
(tuihymic) mice after intravcnow VV injection. Ftinale mice, 6-8 
weeks of age. were injected subcutaneously with 10* P815 tumour cclk 
in 100 ^1 of PBS. One week btcr tumoun were palpable. At this point 
mice were injected IV with 10" PFU W in 100 pi of PBS. On the dbrys 
indicated mice were sacrificed arul tumoun and organs assessed for viral 
infection as described. Two to four mice per group were assessed and 
the range of viral tiires for each group shown where a titre was detected 



W litre (PFU/ 10»celh) 
VV injected* Tumour Spleen Liver BM Brain 



Day 3 



VV-186 


(1.5-4.8) X 10* 


< 1 


< 1 


<0.l 


< 1 


VV-IL2 


350-900 


< 1 


< 1-12 


<0.1 


< 1 


VV-1L6 


(0.2-2.3) X 10* 


<1 


< 1-2 


<0.1 


< 1 


D3y4 












VV-186 


4t)-1350 


0.4 


i-n 


ND 


ND 


VV-IL2 


65-150 


0.2 


< 1 


ND 


ND 


VV-1L6 


280-400 ... 


. 0.2 


< 1 


ND 


ND 


Day? 












W-1 86 


700-4000 


<5 


< 5 


<5 


ND 


VV-IL2 


<5 


<5 


<5 


<5 


ND 



*Day$ after IV injection with W. 



Table 1 Titre of VV-infcclcd cells in organs and 
tumours of tumour-bearing nude mice after iv VV 
injection. Female Swiss nude mice, 6-8 weeks of age, 
were injected subcutaneously with ID' SW948 
tumour cells in ItX) ^l of PBS. One week later 
tiin>oun were both vBible and palpable. At this point 
mice were injected iv with 10' or JO" PFU VV in 
11)0 pi of PBS or KM) pi of PBS alon*. Seven days 
later mice were killed and tumoun and organs 
assessed for vit^I infectious centre? as described. Two 
to four mice per group were assessed. The range of 
PFU titres are shown 



VV titre (PFU/lO^celb) 



W injected 


Tumour 


PBL 


Spleen 


Liver 


BM 




10" PFU VVi 


(10-23) X 10' 


< 1 


0.5-9 


ND 


< 1 




IO"PFU W-2179 


(10-15) X 10» 


< 1 


< 1-2 


ND 


< 1 




10" PFU VV-1142 


(22-23) X 10' 


< 1 


1-2 


ND 


< 1 




lO'PFU W-186 


(1.2-14) X 10^ 


ND 


< 1 


< 1 


< 1- 


-17 


10' PFU VVi 


(0.2-10) X lO** 


ND 


< 1 


< 1 


< 1- 


-25 


10' PFU W-1L2 


(0.9-1.0) X 10' 


ND 


< 1 


< 1 


< 1- 


-I 


10'PFUVV-1L6 


(0.5-1.2) X 10' 


ND 


< 1 


< 1 


< 1 





ND = not done. 
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that of organs, fell rapidly. Infection of tumour cells by the 
control VV-186 continued to at least day 7 after injection of 
virus- ' 

In-vWo cytokine production m mke 
after injection wHh VY<ytokines 

Tumour-bearing nude and DBA mice were injected IV 
with l(y PFU W-186, or W-IL6 and their sera 

monitored for lL-2 and IL6 content by bioassay. BHK cells 
infected with W-IL2 or W-IL6 produce 1-10 HgmT^ 
rIL-2 and IL-6, respectively in culture after a 24-h infection 
(data not shown). However, no evidence of 1L2 activity was 
found in the serum of nude mice after injection of 1 0" PFU 
W-IL2. That IL2 was being produced in these mice vras 
probable since the virus was more rapidly cleared, and the 
mice appeared particularly healthy and robust, whereas 
mice injected with 10" PFU of the other constructs often 
appeared dehydrated, as described above. Both of these 
effects have been attributed to in-wVo IL2 production 
(23,24) and the mediators of diis effect defined as NK cells 
(25)^ On the third day of viral infection of tumour bearing 
DBA mice, weak 1L2 activity (30 U/ml) was detected in the 
sera of W-IL2-injected mice but not in sera of W-IL6 or 
control-injeicted mice. Scrum IL6 was much more readily 
detected as shown in Table 3. Nude mice whose tumoun 
are 100% infected at day 7 after W injection (Table 1) 
show very high levels of 1L6 activity after injection with 
W-IL6, but not with W-IL2 or control. Euthymic DBA 
mice show lower but still significant levels of serum IL6 
which corresponds to the kinetics of infection. 

Effects ofW-IL6 on tumour growth in nude mice 

The effects of injection of VV-IL2 and W-1L6 on growth 
of a human tumour growing in nude mice were examined. 



Table 3 Scnim ILf> levels after injection of VV-IL6 into tumour- 
bearing nude or DBA mice. Scrum samples were assayed for IL6 content 
by bioassay using 7TD1 cells. Initial scnim content was 1/50 and serial 
1 /2 log dilutions made in duplicate. Standard for the assay was 100 
pg m^' human recombinant IL-6. Fifty per cent maximum proliferation 
of 7TD1 cells occurcd at 3 pg nil*' in both assays. The minimum 
dctccuble IL6 concentration was 1 pg m^^ Thus where no 7TD1 eel! 
proliferation occurred it was taken as < 50 pg m^' IL6 

Serum !L6 (pg m^') 



injection 


day 1 


day 3 


day 4 


day6 


Nude mice 










0 




<50 




<50 


W-186 




<50 




<50 


W-IL2 




<S0 




<50 


W.IL6 




143 




9400 


DBA mice 










0 


<50 


<50 


<50 


<50 


W-186 


<50 


<50 


<50 


<50 


W-IU 


<50 


<50 


<50 


<50 


W-IL6 


57 


288 


80 


<50 



Female nude mice were injected subcutancously with 10' 
SW948 tumour cells. After 7 days tumours were both vis- 
ible and palpable. At this point, mice were injected with 10" 
(expt 1) or 10' (expt 2) PFU W-IL6, negative control Wi 
or PBS alone. Tumour growth was then monitored and the 
results shown in Fig. 1 . Tumours in the PBS injected group 
grew progressively with no gross evidence of invasion or 
metastasis. Mice in the lO** PFU VW injected- groups even- 
tually appeared dehydrated and weak with one mouse in the* 
W-IL6 group dying on day 20. Tumours, continued to 
grow but more slowly than those on the PBS. injected mice 
possibly as a result of dehydration. Nonetheless, tumours 6n 
mice injected vrith W-IL6 were on average smaller than 
those on the control VV injected mice with one mouse 
completely rejecting its tumour. At day 38 mice were killed 
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Days after W injection 

Fig. 1 Female Swiss nude mice, aged 6-8 wecb were injected sub^taneomly with 10' SW948 tumour ceUs. After 1 week tumours were palpable 
and mice were injected IV with 10" (a) or 10' (b) PFU Wi (O). W-IW (#) or 100 jil of PBS (*)- Subsequent tumour growth was monitored by 
measuring length, width and thickness of the tumours on the days shown. Tumour volume was calculated as described in Methods, analysis of the 
tumour sizes at day 89 indicate data W-IL6 has a signifigant effect on tumour growth (P < 0.05). 
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and their serum tested for SW948 specific antibody by 
FACS analysis, and their spleen cells tested for cytotoxicity 
towards SW948 cells. No evidence of cither was observed 
(data not shown). Since nude mice have been obsei^ed to 
support infection better with 10' rather than 10" PFU VV. 
the experiment was repeated with the lower dose of virus. 
The results are shown in Fig. 1 (b). No effect of control VV 
on tumour growth was seen. In contrast, injection of tu- 
mour bearing mice with 10' PFU VV-1L6 retarded tumour 
growth in more than half of the VV-1L6 injected group. At 
day 100 surviving mice were sacrificed and their tumours 
assessed for VV infection. No evidence of infection was 
found. 

It has been reported that nude mice injected with VV- 
IL2 have increased NK activity (25), however, no evidence 
of tumour rejection or retardation of tumour grov^^h was 
observed in tumour bearing nude mice injected with VV- 
IL2 (data not shown). 

Effect of W<ytok}nes on tumour growth in euthymk mke 

Despite the relatively low infection rates of W infection of 
P815 tumour cells in DBA mice after VV injection, it was 
decided to assess the effect of VV-cy tokines on in-ini^o tu- 
mour growth. DBA mice with palpable P81 5 tumours were 
injected IV with vacdnia-cytokine constructs, control vac- 
cinia or PBS alone. Tumour growth was monitored and the 
results of one experiment shown on Fig. 2. Two of the four 
mice injected with VV-IL2 rejected their tumours, whereas 
all mice in die control groups had continuously growing 
tumours until sacrifice at day 21. Scrum was tested for anti- 
P815 antibody titre.by incubating serial dilutions of serum 
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Table 4 Frequency of tumour rejection or growth retardation by 
tumour-bearing DBA/2 mice injected IV with VV-JL2. Combined 
results of eight experiments. D15A/2 female miee were injected SC with 
P815 tumour cells. In four expcrinH-nis, P815 tumour cells were 
injected. In other experiments, doses of 3 X 10^ and UT cells were 
assessed and no difference in outcome was observed to correlate with the 
number of tumour cells injected. When tumours were easily palpable (r. 
8 mm X 5 mm X 5 mm) mice were injected intra veneously with Ul^ 
PFU VV-1L2, Uf pfo VV-control or MK)fjl PUS and tumours then 
measured twice weekly. X* analysis indicates that the frequency of 
mmour rejection induced by VV-1L2 is statistically significant 
(P < 0.025) as arc the frequency of slower tumour growth {P< 0.025) 
and the combined frequencies indicating sipiificant biological elTeci 
(P< 0.001) 



Dafys after WlnjecBon 

Fig. 2 Female DBA/2 mice were injected subcutancously with 3x10^ 
P815 lumouT CCDs. After I week tumoun were palpable and mice were 
injected with 10' PFU W-186 (A), 10' pfii W-IU (♦)or 100 )iX PBS 
(*). Tumour growth was monitored by measuring tumour length, width 
and thickness on the days shown. Tumour volume was calculated as 
described in the Methods. 



Injected with: 


VV-1L2 


VV-Conirol* 


PBS 


Tumour rejcctcdf 


7/42 (17%) 


0/41 (0%) 


0/12 


Slower tumour growth* 


14/42(33%) 


1/-I1 (2%) . 


0/12 


Combined frequencyS 


21/42 (50%) 


1/41 (2%) 


0/12 



* VV-Control = W with no insert or with an irrelevant insert; 
I tumours disappeared after injection of virus, and did not reappear for 
, the life of the animal 

J size of the tumour vvas at least two standard deviations smaller then 
those in either control group at the time of measuremcm 

5 (i.e. signifjganl effect on tumour growth) frequencies of tumours 
rejected and slower tumour growth are added together to show the 
frequency of mice showing a signifiiFtnt effect of VV-IL2 admtnistr>- 
tion on tumour growth 



with P815 cells and assessing bound antibody by FACS 
analysis. Mice whose tumours had regressed had a ten-fold 
higher titre of anti-P815 antibody by this assay (data no 
shown). However, it is difficult to say at this point whether 
this is the cause or result of the tumour rejection. 

The results of several expcrimcnLs (including cxpt 2, the 
results of which appear in Fig. 2) are summarized in Ta- 
ble 4. Injection of VV-IL2 significantly retarded tumour 
growth on one-half of the mice injected with VV-1L2 and 
17% of mice rejected their tumours completely. Injection of 
lower doses of virus, 10^ or PFU had no effect on tu- 
mour growth (data not shown) 

Discussion 

The experiments described in this manuscript demonstrate 
that tumour cells can be efficiendy infected with vaccinia 
virus in vivo, while other organs remain much less infected. 
This is possibly explained by the previous observation that 
TK- mutants of W are much less able to infect quiescent 
cells in vivo. The liver, which is the site of viral destruction, 
shows a low level and transient infection. That tumour cells 
are infected in vivo by VV aDows the transient expression of 
foreign genes in tumours. 

Vaccinia vims has been used previously to express 
cytokines in vivo to observe their biological effects (23-26). 
In agreement with Nakagawa €t aL (26). we find that 
murine 1L6 expressed in nude and euthymic mice results in 
detectable 1L6 activity in the serum which corresponds to 
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the duration of the W infection. 1L6 has been observed in 
huinan serum (27) and has been shown to have many plcio- 
tropic effects (28). suggesting that IL6 can act systcmically 
and that it is weD tolerated when in circulation. IL2. on the 
other hand, functions locally at the site of lymphocyte inter- 
actions. Endogenously produced IL-2 is not found in. serum 
and is not well tolerated when injected systcmically in large 
doses (2;3). Injected 1L2 has a half life of two to dirce min- 
utes when injected into experimental animals (29), suggest- 
ing that this cytokine is rapidly destroyed when it reaches 
the circulation. When nude mice were injected with W- 
IL2 no circulating 1L2 could be found in the scrum during 
the course of the viral infection, and when euthymic mice 
were injected only weak and transient activity was found. 
Nonetheless, in-vivo effects of both cytokines were ob- 
served. 

In nude mice. W-IL2 has been reported to enhance 
natural killer (NK) cell activity (25) while injection of W- 
IL6 has resulted in some T-cell maturation (26). W-IL2 
was not able to affect the growth of tumours in nude mice 
(data not shovm) suggesting that NK cell activity was not^ 
enough to induce the rejection of these tumours. Interest- 
in^y. W-IL6 did cause retarded tumour growth and occa- 
sionally tumour rejection in nude mice. In euthymic mice 
the reverse was true in that VV-IL6 had little or no effect on 
tumour growth (data not shown) and W-IL2 caused the 
retardation of growth and some rejection of tumours. 

It is unfortunate, for these purposes, that W-1L2 is 
Cleared so rapidly, likely due to the local effects of IL2 in the 
]^nti-W immune response. Nonetheless, infection of tu- 
mour cells, even though low level and transient, was 
enough to provoke some antitumour response resulting in 
either retardation of growth or outright rejection of P8 15 
tumours. Alternate recombinant viruses, such as avian pox- 
virus or NYVAC which infect mammalian cells and pro- 
duce recombinant protein, but do not replicate (19) may 
infect tumours and thus could also be considered as vectors 
for delivery of cytokine expression to tumoun in vivo. Avian 
poxvirus would have the additional advantage that an exist- 
ing immunity to avian pox vinis is highly unlikely in cancer 
patients. For this purpose a transient expression system such 
as a poxvirus would be preferable to retroviruses since some 
infection of normal tissues was observed. Thus a recom- 
binant retrovirus, which results in permanent expression 
due to recombination widi the host genome, would be un- 
desirable as it would result in permanent cytokine secretion 
by infected normal as weU as tumour cells. A third viral 
option is adenovirus, which exists episomally in infected 
cells, resulting in the expression of recombinant protein, 
but appears not to be passed on to daughter cells upon cell 
division (31). so would eventually be diluted out. 

Other cytokines such as TNF which would affect tu- 
mour ceDs directly, or GM-CSF which has recendy been 
shown to be effective in a murine tumour model system 
(16) should also be assessed in a viral delivery system. In pi- 
lot experiments (data not shown) we have assessed in our 



two tumour model systems. W-murine-IL4 and W- 
murine 1L5. They appear not to affect tumour growth. 

The observations reported in this manuscript lend cred- 
ibility to the concept of gene therapy for cancer treatment. 
Targeted delivery of cytokine expression to tumours in vivo 
is obtainable with a viral vector. In a human tumour model 
as well as a murine tumour system this approach was shown 
to modify tumour growth. This process provides a viable 
alternative to the process of injecting large quantities of re- 
combinant cytokines for treatment of cancer. 
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